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D
ice and other rolling, tossing or spinning devices
such as cowrie shells, coins, wheels, teetotums and
spinners have been used as the basis of games for
thousands of years, usually for luck-races such as Snakes and
Ladders. By contrast, playing-cards, and dominoes, were
invented much more recently. All of these ‘random genera-
tors’, and the concept of ‘randomness’ can be investigated
mathematically, within the topic of probability or chance, in
their own right.
• Toss a coin — which side comes up? Suppose it is a Head.
Pause, before you toss again — what side do you think
will come up now? 
• Think of a whole number between 1 and 6. On average,
how many times will you have to roll a dice before you
get that number? How long will it take to get the same
number again, on average? 
• Choose a whole number between 1 and 100, call it X;
then another from 0 to 9, call it Y. Open a phone book
to page X, and find the Xth phone number on this page.
What are the chances that the last digit of the phone
number is Y? 
These are interesting mathematical situations, based on
randomising devices, such as coins, dice and the random
selection of digits or numbers. 
By isolating the randomising devices used in a game of
chance, we can begin to explore the abstract ideas of prob-
ability. Historically the subject of probability began in the
seventeenth century when the gambling Chevalier de Mere,
playing Points, a simple dice game, asked for advice from
the mathematicians Pascal and Fermat. Even simple situa-
tions are not always easy to analyse. The eighteenth century
mathematician D’Alembert failed to solve this question:
Would you really want 
a Double Snouter? 
Maybe a Leaning Jowler?
JOHN GOUGH
describes some 
dice rolling games and 
notes a social need for
mathematical information 
on gambling.
Dice-Rolling Games 
Yahtzee, Poker Dice and others 
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Playing mathematical games
In two tosses of an ordinary coin,
what is the probability that a Head
(or two Heads) will appear at least
once?
By building up our experience with
the games, themselves, we can develop
our embedded, or applied, or not-so-
abstract ‘chance-sense’, our intuitive
awareness of the differing odds of
events. This is the probability-related
equivalent of number sense — our f lex-
ible understanding of numerical
magnitude and the way numbers work
— and of spatial-sense — our awareness
of shapes, rotations, and geometrical
patterns in one- two- and three-dimen-
sions. Analysing the different possible
combinations of chance events also
opens up the topic of combinatorics
— the mathematical theory of the way
we can form different combinations
of objects, and the different ways of
ordering a collection of objects. I
mention this because often, in chance,
the first step in sorting out the odds
is identifying the different possible
combinations or orderings in a situa-
tion.
In earlier articles I have discussed
dice games such as Snakes and
Ladders and Greedy Pig, an excellent
one-die, whole-class probability-predic-
tion activity (APMC 6 (3)). Now I will
consider some other dice games, and
related topics.
Heads, Tails or Odds
Any number can play. Players use two ordinary coins.
At the beginning of each round, players choose to
attempt to get exactly:
• three Heads (both coins showing a Head) in a row,
which scores 3 points; or
• three Tails (both coins showing a Tail) in a row, which
scores 3 points; or
• five Odds (the coins show a Head and a Tail) in a row,
which scores 6 points.
After each player has written down his or her target, one
of the players begins tossing the pair of coins. When the
result is inappropriate for any player, that player is elimi-
nated from the round, and scores nothing.
For example, Player A is aiming for three Heads, player
B is aiming for three Tails, and player C is aiming for five
Odds. The first toss results in H-T, which eliminates both A
and B, but leaves player C still able to score.
The first player to reach 50 is the overall winner.
Pass the Pig
This is a bizarrely amusing variant of Poker Dice. Instead of
ordinary cubic dice, the randomizing objects are two plastic
toy pigs. These are rolled, in the Poker Dice way, aiming to
make the best possible combination of pigs. The combina-
tions include:
• Trotter — one pig standing upright on all four feet (5
points);
• Double Trotter — two pigs standing upright on all four
feet (20 points);
• Razor Back — one pig lying on its back, all four feet in
the air (5 points);
• Double Razor Back — two pigs lying on their back, all
feet in the air (20 points);
• Snouter — one pig balanced on its nose and forelegs (10
points);
• Double Snouter — two pigs, each balanced on its nose
and forelegs (40 points);
• Leaning Jowler — one pig balancing on its cheek and one
foreleg (15 points);
• each a Leaning Jowler — (60 points);
• Mixed Combo — any combination of two pigs (worth
the sum of each pig’s points);
…and so on.
If both pigs land f lat on their sides, this results in NO
POINTS for that round!
Players continue taking turns until one player reaches
100; or highest overall score wins.
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Playing mathematical games
Notice here as with other dice games and gambling
games generally, that part of the attraction of playing is the
colourful language used; ‘Two little ducks’, ‘Legs eleven’ and
‘Two fat ladies’ when playing Bingo, for example. The reality
is that unless some rather arbitrary and extraneous interest
is injected, these games are very rapidly dull. They do not
require much thinking, and involve little, if any, skill.
Yahtzee
Of all the dice and ‘dice’ games so far discussed, Yahtzee —
also known as Yacht or Cheerio — is the only one that
involves considerable skill.
Using five ordinary dice, players roll all five, hoping to
get as many dice showing the same number as possible. As
in Poker Dice, a player can leave any dice that show the
same number, and roll the others a second time. The
resulting five dice score the biggest total of any set of the
same number. For example, 3-3-4-4-4 scores 12, for the three
4s.
In essence, Yahtzee is a development of Poker Dice, the
extra twist being that each player attempts to get the best
possible score in a whole round of play, by making a collec-
tion of quite different poker-type hands, each hand adding
to the total score.
Players use 5 ordinary dice. Also the game uses a special
Results pad, that is used to score the results of successive
turns. The pad looks like this:
Players take turns. As in Poker
Dice, in a turn the player rolls all five
dice, once, and then may roll as many
of these as the player chooses, one
more time (some variants allow a third
roll). 
The player aims, turn after turn, to
achieve the best possible scoring for
one of the kinds of hands. However,
during the turn, a player does not
have to declare what kind of hand is
being aimed for. Once a player has
filled in the record sheet with one of
the required kinds of hands, the player
is not allowed to try to get a better
score for that same kind of hand in a
later turn.
For example, a player may roll 2, 2,
4, 5, 5. The player may then keep the
two pairs, and roll the 4, hoping to get
a Full House. Doing this, the player
may roll a 6. At this point the player
can choose to count this resulting
hand of 2, 2, 5, 5, 6 as: 
• 5s, and there are only two of these
and each scores 5 points — this
hand scores 10;
• 2s, and again there are only two
and each scores 2 points — this
hand scores 4; or
• Total, namely 2 + 2 + 5 + 5 + 6 = 20.
But if the player has already
recorded a lower score for a Total
hand, this new score of 20 cannot be
used to replace it. Instead the player
would be better accepting the score of
10 for the 5s hand, unless there is
already a 5s hand score recorded.
It may happen that all other hand-
types have already had a score
recorded, in which case the only
remaining hand-type will score 0.
Similarly if a hand does not fit a hand-
type, it must score zero — but for
which hand-type?
Of course the player might have
opted, after the first roll, to roll a 2
and a 5, hoping to get either a Little
Straight (from 1 to 5) or a Big Straight
(from 2 to 6).
Player: 
1s:
2s:
3s:
4s:
5s:
6s:
1–5:
2–6:
Full-House:
Total:
5 of kind:
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Playing mathematical games
Play continues until all players
have completed each of their required
kinds of hands, and the overall game
is then scored.
Ones (or Aces): Score 1 point for each
dice showing a 1 in the hand.
Twos: Score 2 points for each dice
showing a 2 in the hand.
Threes: Score 3 points for each dice
showing a 3 in the hand.
…etc. for Fours, Fives, and Sixes
Little Straight (1–5): This hand
consists of 1, 2, 3, 4, and 5; it
scores 20 points.
Big Straight (2–6): This hand consists
of 2, 3, 4, 5, and 6; it scores 25
points.
Full House: Three of a kind, plus two
of a kind; it scores the total face
value of the dice.
Total (or Big Hand): Any five dice; it
scores the total face value of the
dice.
5 of a Kind (or Yacht or Cheerio):
This scores 50, regardless of the
actual value of the five dice.
Several rounds can be played. The
player with the highest overall score
wins the whole game.
Frey makes the interesting remark that part of playing
cleverly includes judging which of the possible hand-scores
to forego (p. 273). For example, if a player has a hand of 2-
2-3-4-5, having missed getting a Little Straight, he can choose
to score this for 1s, getting a zero score, knowing that 1s is
the cheapest scoring hand.
Note many dice games involve gambling. Approach with
care! Gambling can be addictive, and personally and socially
destructive. The main reason for including gambling games
in the mathematics curriculum is to expose the way odds
are (usually) rigged against players in favour of the ‘banker’
(or casino) — this is part of the social responsibility
curriculum. The mathematical justification is that investi-
gating gambling games helps develop students’ under-
standing of probability.
As with so many gambling games, the overall odds tend
to favour whoever owns the gambling equipment and holds
the main pool of money — the bookmaker, casino propri-
etor or banker. The spinners and players stand a good
chance of losing whatever they bet. Showing that this is the
case, mathematically, should be the major focus of any class-
room activity based on any gambling game.
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